We report a novel case of septic arthritis of the symphysis pubis due to Streptococcus pneumoniae and review 99 previously reported cases of infection of this joint. Typical features of pubic symphysis infection included fever (74%), pubic pain (68%), painful or waddling gait (59%), pain with hip motion (45%), and groin pain (41%). Risk factors included female incontinence surgery (24%); sports, especially soccer (19%); pelvic malignancy (17%); and intravenous drug use (15%). Septic arthritis of the pubic symphysis is often misdiagnosed as osteitis pubis, a sterile inflammatory condition. Causative organisms differed according to risk factors. Staphylococcus aureus was the major cause among athletes, Pseudomonas aeruginosa among intravenous drug users, and infections among patients with pelvic malignancies were usually polymicrobial, involving fecal flora. Patients with recent urinary incontinence surgery usually had monomicrobial infection, with no predominant pathogen. Since osteomyelitis is present in 97% of patients, we recommend antibiotic courses of 6 weeks' duration. Surgical debridement is required in 55% of patients.
INTRODUCTION
S eptic arthritis of the pubic symphysis is rare. Of 738 cases of septic arthritis from 6 large series, none involved the pubic symphysis 15, 25, 37, 51, 71, 79 . We report what is to our knowledge the first case of Streptococcus pneumoniae infection of the pubic symphysis, and review 99 cases of septic arthritis of the pubic symphysis reported since 1973 1,2,5,8,9,13,16-21,23,24,26,27,31,34-36,38-40,42-50,52-56,58-60, 65-70,73,74,76,77,80,81 , discussing risk factors, bacteriology, diagnosis, and management.
METHODS
Prior reports of septic arthritis of the pubic symphysis during the past 30 years were identified using the PubMed (National Library of Medicine, Bethesda, MD) search engine. Cases were accepted if specimens from needle aspiration, sinus tract drainage, or surgical debridement of the symphysis were positive on microbiologic culture, or if blood cultures were positive, together with imaging studies supporting the diagnosis of infection of the symphysis pubis.
CASE REPORT
A previously healthy 37-year-old woman presented to the emergency department with acute onset of fever, nausea, vomiting, and diarrhea. She was diagnosed with viral gastroenteritis, given intravenous fluids, and discharged. She returned 2 days later with persistent symptoms and new lower abdominal pain. She also noted 3 months of right hip and suprapubic pain, after a trial of labor ended in an emergency cesarean section. She reported no other symptoms.
On examination, her temperature was 39.2 8C, blood pressure 80/60 mmHg, and heart rate 100 beats/min. The chest was clear to auscultation. Cardiac exam was notable for a soft systolic murmur. The abdomen was diffusely tender, without rebound or guarding. She had full range of motion of both hips, without tenderness. Chest radiograph was normal. Serum white blood cell (WBC) count was 17,100 cells/mm 3 , and erythrocyte sedimentation rate (ESR) was 70 mm/hr.
The patient was admitted to the intensive care unit. Blood cultures grew S. pneumoniae, sensitive to penicillin. A transesophageal echocardiogram was negative for endocarditis. Abdominal computed tomography (CT) revealed mucosal thickening and edema of the ileum, and fluid within the symphysis pubis. Pelvic magnetic resonance imaging (MRI) demonstrated gadolinium enhancement of the pubic symphysis, pubic bones, and adjacent muscle and soft tissue.
The patient's hypotension responded rapidly to intravenous fluids. However, despite appropriate antibiotics for S. pneumoniae (initially vancomycin and piperacillin/tazobactam, then ceftriaxone) the patient remained febrile with temperatures up to 39.5 8C for 1 week, with severe suprapubic tenderness on weight bearing. Subsequent blood cultures were negative. After 1 week, she defervesced, and her abdominal pain with weight bearing resolved. She completed 8 weeks of intravenous ceftriaxone and fully recovered.
RESULTS

Epidemiology and Clinical Characteristics
Epidemiology and clinical characteristics are summarized in Table 1 . The mean age of patients with septic arthritis of the symphysis pubis was 48 years (range, 7-86 yr). A minor female predominance was noted (51 of 97 patients, or 53%). The most common complaint was pubic pain, noted in 53 of 78 (68%) patients with detailed clinical information.
Fever (temperature !38.0 8C) was present in 53 of 72 (74%) patients with recorded temperatures. Pubic tenderness was present in 69 of 78 (88%) patients. Painful gait, often described as waddling or antalgic, was noted in 46 of 78 (59%) patients. Thirty-five of 78 (45%) patients had pain with hip movement, especially active adduction or passive abduction. Inguinal lymphadenopathy was observed in only 3 of 78 (4%) patients.
The mean duration of symptoms before diagnosis was 29 days (range, 1-180 d).
Laboratory and Radiologic Findings
Serum leukocytosis (WBC count >11 Â 10 9 cells/L) was observed in only 22 of 62 (35%) patients for whom WBC counts were available. The mean ESR was 83 mm/hr (range, 19-144 mm/hr). Bacteremia was present in 32 of 44 (73%) patients with blood culture results reported. Cultures of needle aspirates of the symphysis pubis were positive in 19 of 22 (86%) patients. Six patients had positive cultures of drainage from sinus tracts overlying the symphysis. Surgical debridement specimens were positive in 55 patients; in 49 of these patients, the surgical specimen was the only positive culture result.
Pelvic radiographs are relatively insensitive for the diagnosis of septic arthritis and osteomyelitis of the symphysis pubis, especially early in the course of disease. Only 52 of 76 (68%) initial pelvic radiographs were abnormal. Of the 24 patients with initial normal pelvic radiographs, follow-up studies were performed in 19, and were abnormal in 17 (89%).
In the 69 patients with initial or subsequent abnormal pelvic radiographs, the commonly observed abnormalities included bone destruction in 56 (81%) patients, marginal irregularities in 43 (62%), and symphyseal widening in 32 (46%).
Thirty-one patients had pelvic CT scans. Results were normal in 3 (10%) patients. Bony erosions were observed in 24 of 28 (86%) abnormal scans, abscesses in 12 (43%), masses or phlegmons in 10 (36%), marginal irregularities in 9 (32%), and symphyseal widening in 9 (32%).
Ten patients had pelvic MRIs. All scans revealed abnormalities, including bony destruction in 5 (50%), fluid within the symphysis in 5 (50%), symphyseal widening in 1 (10%), mass in 1 (10%), edema of the hip adductors in 1 (10%), and edema of the obturator muscles in 1 (10%).
Risk Factors
Risk factors are summarized in Table 2 . Four major risk groups were observed: women recently having undergone surgery for urinary incontinence (24%); athletes, usually in sports requiring forceful hip adduction (19%); patients with pelvic malignancies (17%); and intravenous drug users (15%). Of 19 athletes, 9 were soccer players, 3 runners, 2 football players, 2 tennis players, 1 handball player, 1 rugby player, and 1 ballet dancer. Seven of 17 (41%) patients with pelvic malignancies had bowel fistulas. Ten percent of patients were previously healthy. Two patients developed postpartum infection of the pubic symphysis, including our patient.
Bacteriology
Pathogens isolated in septic arthritis of the symphysis pubis are listed in Table 3 . The most common were Staphylococcus aureus (34%) and Pseudomonas aeruginosa (24%). Infections were polymicrobial in 19% of patients.
No predominant organism was observed in the 24 patients with pubic symphysis infection following female incontinence surgery. Staph. aureus was seen in 5 (21%) of 24 patients, P. aeruginosa in 4 (17%), Escherichia coli in 4 (17%), polymicrobial infection in 4 (17%), Enterococcus species in 3 (13%), and miscellaneous organisms in 5 (21%).
Septic arthritis of the pubic symphysis in athletes was usually due to Staph. aureus (17 of 19 cases, or 89%). In intravenous drug users, P. aeruginosa accounted for 13 of 15 (87%) cases. Most cases complicating pelvic malignancy were polymicrobial (10 of 17 cases, or 59%), commonly involving Staph. aureus, enterococci, Gram-negative rods, and anaerobes.
Treatment and Outcome
Surgery was required in 55 of 100 (55%) patients. Debridement of bone was performed in 30 patients, incision and drainage of an abscess in 10, and both bony debridement and abscess drainage in 15.
The average duration of antibiotic therapy was 54 days, with an average of 32 days of intravenous and 21 days of oral therapy. (This excludes 3 patients with tuberculosis, and 1 with brucellosis.) Three patients failed initial medical therapy. One patient received 2 weeks of antibiotic therapy, subsequently relapsed, and was cured with 6 weeks of parenteral antibiotics 67 . Two other patients relapsed after prolonged courses of antibiotics for Staph. aureus infection (1 patient received 6 weeks of intravenous vancomycin, and the other 2 weeks of intravenous nafcillin and 4 months of oral dicloxacillin). Both patients were found to have retropubic abscesses, and were cured with surgical incision and drainage, followed by 4 weeks of intravenous antibiotics in 1 patient, and 6 weeks in the other 18, 77 .
Pubic osteomyelitis was present in 97 of 100 patients. Other pelvic structures were occasionally infected, including the sacroiliac joint in 4 patients, and the ischial tuberosity in 2 other patients. One patient had pyomyositis of the hip adductors. One patient developed pelvic instability, leading to bilateral sacroiliac stress fractures. Overall mortality was 2% (2 of 100 patients).
Adverse outcomes were common in women with infection of the symphysis pubis following incontinence surgery. Five of 24 (21%) women developed chronic urinary incontinence, despite further surgery, and another 2 (8%) patients developed chronic pelvic pain.
DISCUSSION
Clinical and Laboratory Features
Most patients complain of pubic pain (68%). Pain also localizes to the groin (41%), thigh (15%), and hip (12%), presumably because of radiation along the hip adductors, which insert on the pubic symphysis. Hip adductor involvement also accounts for pain with ambulation (59%) and hip motion (45%). Long delays between the symptom onset and diagnosis were typical (mean, 29 d), due to the insidious presentation and low clinical suspicion for this rare condition.
Serum WBC was normal in 65% of patients, although the ESR was usually high, consistent with other studies of septic arthritis 15, 71 .
Risk Factors, Bacteriology, and Osteitis Pubis
Patients with septic arthritis of the symphysis pubis can be divided into 4 major risk groups, each with different causative organisms. Patients with recent urinary incontinence surgery usually have monomicrobial infection. There is no preponderant single pathogen in these patients. Patients with pelvic malignancies have polymicrobial infections from fecal flora, and often require multiple surgeries for debridement of necrotic tissue and correction of enterocutaneous fistulas 34, 81 . Athletes are usually infected with Staph. aureus, and intravenous drug users with P. aeruginosa. 
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Medicine Volume 82, Number 5, September 2003 Historically, confusion has existed among osteitis pubis, osteomyelitis, and septic arthritis of the symphysis pubis. Osteitis pubis is a sterile, inflammatory condition of the pubis occurring after pregnancy, trauma, gynecologic and urologic surgery, and in athletes. It is characterized by pubic pain radiating to the groin, waddling gait with adductor spasm, sclerosis and rarefaction of the pubic symphysis on imaging studies, and elevation of the ESR. In fact, this syndrome is distinguished from pubic osteomyelitis only by negative cultures. To further blur the distinction between these 2 entities, antibiotics and surgical curettage, as well as corticosteroids and nonsteroidal antiinflammatories, have been variously advocated for the treatment of osteitis pubis.
Many cases of pubic osteomyelitis are initially wrongly diagnosed as osteitis pubis, especially after recent urologic surgery 9,23,62,70 . Sexton et al 70 reported a case of pubic osteomyelitis resolving despite inadequate antibiotic therapy, and suggested that many cases of low-grade pubic osteomyelitis are misdiagnosed as osteitis pubis, with slow, spontaneous cure in some cases because of immune containment. They note that vertebral osteomyelitis occasionally resolved without specific therapy in the preantibiotic era 70 . This contention is supported by a recent study finding that 71% of patients with osteitis pubis after Marshall-Marchetti-Krantz urethropexy had positive bone cultures 38 .
Osteitis pubis in athletes, by contrast, is usually a noninfectious, chronic pubic periostitis in athletes with overuse injuries of muscles inserting on the symphysis. These include the hip adductors (the gracilis muscle and the adductors brevis, longus, and magnus) and rectus abdominis. These muscles are stressed in sports involving twisting and cutting motions, such as rugby, American football, ice hockey, tennis, and basketball, as well as endurance running 6, 41 . Soccer players are especially prone to inflammation of the symphysis pubis, from shear forces transmitted along the hip adductors by kicking 29 . In 1 study 30 , 76% of the players on an English professional soccer team had symphyseal abnormalities on pelvic radiographs, suggestive of repetitive stress injury. Inflammation from preexisting osteitis pubis may predispose to septic arthritis of the symphysis pubis, if transient staphylococcal bacteremia occurs 58 .
For unclear reasons, septic arthritis of the pubic symphysis is much more common in intravenous drug users, accounting for up to 9% of septic arthritis in this population 10 . Septic arthritis in intravenous drug users often involves joints of the axial skeleton that are rarely infected otherwise, such as the sacroiliac joint, sternoclavicular joint, and the symphysis pubis. These joints are amphiarthroses, bound by flexible fibrocartilage, and lacking a true synovial membrane. Younger patients, such as most intravenous drug users, may be predisposed to septic arthritis of the symphysis pubis, and other amphiarthroses, due to ligamentous laxity. In older patients, these joints become sclerosed and ossified, probably reducing the risk of bacteremic seeding 4, 72, 75 . Although sternoclavicular joint infection in heroin users may sometimes relate to ''shooting'' the internal jugular vein between the heads of the sternocleidomastoid, drug injection seems unlikely to explain infection of the sacroiliac joint and symphysis pubis in this population.
In the 1970s, pentazocine was the major narcotic drug of abuse in the United States. Pentazocine dissolves in water without heating, unlike heroin, facilitating contamination with environmental bacteria, such as P. aeruginosa. In 1983, the manufacturer reformulated pentazocine by adding the narcotic antagonist naloxone, resulting in a dramatic drop in pentazocine abuse 7 . Since 1983, there has been only a single report of pseudomonal infection of the pubic symphysis in an intravenous drug user 48 .
Five patients have been reported with infection of the pubic symphysis in the puerperal period, including the present case 19, 57, 64 . Staph. aureus was the cause in 3 cases; a mixture of Enterococcus faecalis, Candida albicans, and Staphylococcus epidermidis was isolated in the fourth; and S. pneumoniae was recovered from blood in our patient. Peripartum complications may have increased the risk of infection in 3 of these patients: 1 had shoulder dystocia, another had preeclampsia, and our patient failed a trial of vaginal delivery. The pubic symphysis is normally traumatized in vaginal delivery, predisposing to infection. Imaging studies in asymptomatic women in the immediate postpartum period commonly demonstrate widening of the pubic symphysis and gas within the joint 22 .
Treatment and Outcome
Because of the high prevalence of osteomyelitis on imaging studies and bone biopsies (97%), we recommend antibiotic courses of 6 weeks' duration. Five patients had clinical cures with antibiotic courses of only 4 weeks; 3 of these patients had surgical debridement.
Fifty-five percent of patients underwent surgical debridement. Because of 2 failures of prolonged antibiotic therapy in patients with retropubic abscesses, we recommend routine CT or MRI of patients with suspected septic arthritis of the pubic symphysis. Surgical or CT-guided drainage should be performed if abscesses are present. Surgical debridement should be strongly considered if extensive infection or foreign bodies, such as bone anchors used in incontinence surgery, are present.
Pneumococcal Infection of the Pubic Symphysis
To our knowledge, this is the first report of infection of the pubic symphysis with S. pneumoniae. Pneumococcal osteomyelitis of the superior pubic ramus has been reported, without involvement of the symphysis pubis 78 Gastrointestinal symptoms, as observed in our patient, are common, nonspecific manifestations of pneumococcal pneumonia and bacteremia 28, 32, 33 . The significance of ileal inflammation on our patient's abdominal CT is unclear. Enteritis and colitis have been reported in pneumococcal bacteremia, due to either enterotoxin production from certain strains of S. pneumoniae, or direct invasion of bowel from the mucosa or bloodstream 61 .
Pneumococcal invasion of the pubic symphysis may have occurred by 2 mechanisms. In pneumococcal septic arthritis without another focus of pneumococcal infection, septic arthritis likely arises from occult bacteremia from a mucous membrane source 63 . However, S. pneumoniae may rarely colonize the vaginal mucosa, and cause pelvic inflammatory disease in otherwise healthy women 11, 14 . It is also possible that pneumococcal infection of the symphysis results from local tissue invasion after a traumatic trial of labor.
